Backpacks are the most popular way of carrying additional weight; however, it puts the body under physical stress and may cause discomfort. It may also increase oxygen demand and energy cost. Manipulation of load placement may relieve the effects carrying a backpack has on the body. OBJECTIVE: This study investigated physiological and self-reported measures of exertion, movement economy and efficiency, carrying a loaded backpack in high and low load placement compared to a control condition. METHOD: Fifteen healthy adults were examined under three load conditions: no load, carrying a 20% of body weight in high and low load placement. Dependent variables were measured using a metabolic measurement system and participants rated their perceived exertion on a Borg scale. RESULT: Carrying load produced a significant increase in VO 2 , minute ventilation, heart rate, movement economy and overall perceived exertion in both load placements compared with the no backpack condition. However, no difference was observed between the high and low load placement conditions. CONCLUSION: While altering load placement did not influence physiological variables or overall exertion, participants reported lower perceived exertion on the shoulders in low load placement and low load placement might be preferable in this respect.
Introduction
Carrying heavy loads is a necessity for many individuals such as students, military personnel and hikers. Backpacks are often considered the most convenient and appropriate way of achieving this [1] [2] [3] . Nevertheless, carrying heavy loads in a backpack can induce increased physical stress and cause discomfort and pain [4] . Additionally, increased oxygen consumption and energy cost have been observed when carrying heavy loads in backpacks compared with no backpack conditions [5, 6] . Quesada et al. [6] reported increased energy cost during walking while carrying 15% and 30% body weight in comparison to a no backpack condition. Patton et al. [5] also compared the energy cost of carrying a 31.5 and 49.4-kg load with a no backpack condition and reported higher energy costs when carrying extra loads.
In addition to the weight of the load, factors such as load placement may influence physical stress and energy cost [7, 8] . It has been suggested loads should be located centrally on the trunk and not carried asymmetrically, as in a briefcase, handbag, shoulder bag or backpack carried unilaterally [8, 9] . Furthermore, in relation to the sagittal plane, the load needs to be carried close to the centre of mass of the body [10] , thus minimising the movement created by the load [11] .
Despite the recommendations in relation to frontal and sagittal load carrying, controversy exists in relation to the optimal load placement in the axial plane and the importance of load placement within a backpack [12] . Stuempfle et al. [7] reported large differences between high and low load placement in a backpack in terms of oxygen uptake (VO 2 ) and minute ventilation when a 25-kg load was carried in a backpack; however, they only examined female participants. Load placement is even more important during walking as dynamic movements can increase load movement up to 40% due to rotational inertia [13] . On the other hand, Liu [14] found no differences in physiological measures between high and low load placement while carrying 15% body weight at different speeds and grades. Zhao et al. recommended the cross and evenly distributed load mode (i.e. the load within a backpack is distributed evenly between the top-bottom and left-right side of the backpack) and stated that different load distribution modes did not affect the body posture and physiological parameters [15] .
With regard to load placement in a backpack, the literature provides conflicting results on physiological variables and is limited regarding movement economy, efficiency and subjective measures such as perceived exertion. Most studies have concentrated on the effect of load placement on physiological variables, while it has also been stated that subjective measures are more sensitive and appropriate for comparing load carriage systems [2] . In addition, when it comes down to daily use, it is the subjective measures that present our perception of exertion. Therefore, subjective measures should be a powerful source of information for comparing different load placements in a backpack. Moreover, load placement conditions have only been compared against each other in the literature and not against a no backpack control condition [7, 14, 15] . It would be helpful to investigate what type of load placement is the closest to a no backpack condition.
The purpose of this study was to examine differences in physiological and self-reported measures of exertion, movement economy and efficiency when carrying a loaded backpack in both a high and low load placement compared to a no backpack control condition. The body can be thought of as an inverted pendulum [16] and we hypothesized that elevation of the centre of mass in high load placement will maximise postural displacement and attenuate imbalance, meaning the body requires more energy to maintain equilibrium [17] . In addition, it has been reported high load placement led to a greater trunk inclination angle [18, 19] , resulting in increased displacement of the centre of mass [20] . Therefore, we also hypothesize that increased displacement of centre of mass in high load placement will result in lower movement economy.
Methods

Participants
We performed a one-way repeated measures study examining the effects of three loading conditions on physiological and self-reported measures of exertion, movement economy and efficiency.
Fifteen healthy participants (eight females and seven males) with mean age of 30.4 ± 5.5 years (18-43 years) from the students and staff of Murdoch University volunteered to participate in this study. All participants were screened through the American Heart Association/American College of Sports Medicine health/fitness facility participation screening questionnaire [21] prior to inclusion.
Participants were included if they were 18 to 45 years of age. Individuals were excluded from participation if they had heart disease, asthma, lung disease, diabetes and/or musculoskeletal problems that limited their physical activity or if they were pregnant. They were also excluded if they were deemed moderate or high risk according to the screening questionnaire.
Prior to data collection, all participants signed a consent form approved by the Human Research Ethics Committee of Murdoch University.
Baseline evaluation and maximal graded exercise test
All participants completed a baseline maximal graded exercise test and three experimental exercise sessions. To prevent carryover effects, we allocated a duration of at least 48 hours between the maximal graded exercise test and the first experimental session. All experimental sessions were separated by no less than one and no more than seven days. Participants wore comfortable light clothing and abstained from intense physical activity for 24 hours prior to testing and fasted for three hours prior to each testing session. Participants then completed a maximal graded exercise test on a Trackmaster treadmill (JAS fitness systems, model TMX 55, KS, USA) during which the volume of expired oxygen (VO 2 ) and carbon dioxide (VCO 2 ) was measured using a Pravo TrueOne 2400 metabolic cart (ParvoMedics, Sandy, UT, USA). The TrueOne metabolic measurement system has been shown to be a reliable and accurate system to measure gas exchange variables [22] . We calibrated the metabolic cart before using gasses of known concentration and through a range of flow rates. Prior to testing, participants were fitted with a Polar heart rate monitor telemetry chest strap (model number T31 Coded-Polar Electro, Kempele, Finland) and heart rate was recorded continuously throughout the duration of the test. The maximal graded exercise test started at a speed of 3 km.h −1 with a 1% grade for the first minute and an increase of 1 km.h −1 each minute thereafter until a respiratory exchange ratio (RER) equal to 1.0 was achieved and maintained for one minute. After identifying the RER, the treadmill grade was increased by 2% each minute until VO 2 max was achieved. Participants were deemed to have achieved VO 2 max if their RER exceeded 1.1, heart rate was greater than 85% of age-predicted max and rating of perceived exertion (RPE) exceeded 17 [23] .
Experimental sessions
During the remaining three sessions, the participants completed three 10-minute walking trials, in a randomized and counterbalanced order, using three backpack loading conditions: no backpack, high load placement and low load placement. It is unlikely a backpack user would wear an entirely empty backpack. Thus, we operationalized our unloaded condition as not wearing a backpack at all. Participants walked for ten minutes on a treadmill at a grade of 1.0% at the individualized speed while continuously measuring heart rate and expired ventilation. Walking speed was identified by a RER of 1.0 during the maximal graded exercise test and was constant during all experimental conditions. We chose a constant grade of 1.0% as it accurately simulates outdoor running and compensates for the lack of air resistance in treadmill running [24] . A duration of ten minutes was selected to ensure steady-state physiological measures were achieved during exercise [1, 6] . Only the final two minutes of data collection were used in the data analysis to ensure all variables represented steady-state values.
We used the following formulas to calculate our variables of interest:
Efficiency is a measure of effective work and is an important factor in relation to exercise performance. Efficiency (%) = (work rate/energy expended) × 100% [25] .
Work rate (kcal.min −1 ) = weight (kg) [body weight + backpack weight] × speed of treadmill (m/min) × sin (the angle of treadmill inclination).
Energy Expenditure (kcal.min −1 ) = 3.9 VO 2 + 1.1 VCO 2 [26] .
Economy is a measure of oxygen consumption per unit of power output. Economy (kj.L −1 ) = speed (m.min −1 ) / VO 2 [25] .
In addition, participants rated their overall and regional (neck, shoulder and back) perceived exertion using a Borg scale [27] immediately upon completion of each testing session. The values in Borg scale increase linearly with work load and heart rate, making the scale a good indicator of the degree of physical strain. To fill out the Borg scale, participants were instructed to rate overall and local perceived exertion and not discomfort or pain. This scale consists of 15 points with potential scores ranging from 6 which is very, very light to 20 which is maximum effort.
Backpack configuration
A backpack (Promopak Pty Ltd, Australia) measuring 47 × 21 × 15 cm was used for all experimental sessions. The backpack included two main compartments, adjustable padded shoulder straps, adjustable non-elastic hip and elastic sternum belts, two side stabiliser straps and plastic quick-release buckles. Consistent placement of the backpack on the participant across the loading conditions was achieved by measuring the length of the shoulder straps and checking their equality. We divided the interior of the backpack into upper and lower compartments (see Fig. 1 ). In the high and low load placement, we placed loads in the upper or lower compartments of the backpack respectively and loads were held in place with high-density foam inserts. The no backpack condition was defined as wearing no backpack. We utilized a backpack load equal to 20% of the participant's bodyweight and not exceeding 20 kg as 20% body weight has been previously used in the relevant literature [1, 28] and reflects common recommendations that the backpack weight should be in the range of 15-30% body weight [6, 29] . The shoulder straps and hip belt of the backpack were adjusted to ensure the best fit for the participants.
Statistical analysis
Using VO 2 data from a previous study [30] , we performed an a priori power analysis using G-Power 3.1.3 software [31] for a priori sample size estimation. Assuming an alpha level of 0.05 and within-group standard deviation of 0.58 ml.kg −1 .min −1 , recruiting 13 participants provides 80% power to detect a change in VO 2 . To account for an expected dropout rate of 15%, we recruited 15 participants to ensure sufficient power. We entered data into SPSS version 17.0 and calculated descriptive statistics including mean and standard deviation for all dependent variables.
We assessed the normality of the data with the Shapiro-Wilk test and sphericity using Mauchly's test. The data from the high and low load placement and no backpack condition were compared using separate one-way repeated measures analysis of variance (ANOVA) to examine for differences between loading conditions. Least significant difference was adopted for post hoc pair wise comparisons. The independent variable was the loading condition with three levels (no backpack, high load placement, low load placement), and the dependent variables were VO 2 (L.min −1 ), minute ventilation (L.min −1 ), heart rate (beats.min −1 ), movement economy, efficiency and RPE (overall, neck, shoulders and back). An alpha 
Results
All data measured in this study were normally distributed. None of the participants dropped out of the study. Participant demographic and baseline data are presented in Table 1 . The means, standard deviations and mean differences (95% CI) of the dependent variables between loading conditions are reported in Table 2 .
The omnibus tests revealed significant differences in VO2 (F(2,13) = 4.12, effect size = 0.4, p < 0.05), however the magnitude of the difference was very small and unlikely to represent an important difference. The omnibus tests also revealed significant HR, heart rate; MV, minute ventilation, RPE, rating of perceived exertion; VO 2 , oxygen uptake; Significant differences are in bold (p < 0.05).
differences in minute ventilation (F(2,13) = 14.0, effect size = 0.7, p < 0.001), movement economy (F(2,13) = 8.1, effect size = 0.6, p < 0.001,), heart rate (F = (2,13) = 2.3, effect size = 0.3, p < 0.05), overall RPE (F (2,13) = 32.6, effect size = 0.8, p < 0.001), shoulder RPE, neck RPE (F(2,13) = 42.2, effect size = 0.8 p < 0.001), and back RPE (F = (2,13) = 23.2, effect size = 0.8, p < 0.001). Post hoc analysis identified increased VO 2 (p < 0.05), minute ventilation (p < 0.05) and decreased economy (p < 0.001) in loaded conditions as compared to the no backpack condition, while no difference (p > 0.05) was observed between the high and low load placement conditions. Increased heart rate was seen in high load placement as compared to the no backpack condition (p < 0.05), while no significant difference (p > 0.05) was observed between no backpack-low load placement and high-low load placements. Overall and local RPEs increased in loaded conditions as compared to the no backpack condition (p < 0.001).
Increased shoulder RPE was identified in high load placement as compared to low load placements (p < 0.05), while no difference (p > 0.05) was observed in overall, neck and back RPEs between high and low load placements. There were no differences in efficiency between the no backpack-loaded conditions and high-low load placement (p > 0.05).
Discussion
We examined differences in physiological and self-reported measures of exertion, movement economy and efficiency of carrying a loaded backpack in high and low load placements compared to a no backpack condition. VO 2 , minute ventilation and overall RPE increased and movement economy decreased in loaded conditions compared to the no backpack condition; however, there were no differences between high and low load placements. Additionally, shoulder region RPE was higher in high load placement as compared to low load placement and yet load weight and load placement did not influence efficiency.
In our study we observed an increase in VO 2 and minute ventilation and a decrease in movement economy from the no backpack to loaded conditions that were consistent with previous research [1, 32] , although the sample population of the studies were different. Carrying a loaded backpack causes some modifications in the body, such as increased trunk forward inclination [29] , as well as increased activity of respiratory and postural muscle activity [19, 33] . Carrying a backpack loaded with 20% of body weight has shown to result in significantly higher muscle fatigue, blood pressure and forward trunk and head angle [34] . It has been reported that increased muscular activity and changes in posture can lead to higher oxygen consumption, minute ventilation and lower movement economy [33, 35] . The results of the current study showed increased VO 2 , decreased movement economy and unchanged efficiency. The lack of change in efficiency across the conditions evidenced that, in contrast to the abovementioned theory, increased VO 2 and decreased economy is mostly as a result of the additional loading and a small component is due to the normal resultant changes in posture or muscle activity associated with carrying load.
Load placement did not elicit a difference in VO 2 , minute ventilation or movement economy. Carrying an additional 20% of body weight led to greater VO 2 and minute ventilation and lower movement economy regardless of load placement. Our findings are consistent with some studies [14, 15, 36] but not with the study conducted by Stuempfle et al. [7] . Stuempfle et al. studied females and used a constant weight of 25 kg which was about 35% of participants' body weight and was considerably heavier than the load used in the current study.
Consistent with previous research, we did not identify differences in overall RPE between the high and low load placement conditions [18, 19, 37, 38] , which contradicts the finding of Stuempfle et al. [7] , who reported high load placement as being the most desirable backpack placement on the spine. Unlike the overall RPE, the shoulder region RPE was greater during the high load placement condition as compared to low load placement. This finding is comparable to the results of Frank et al. [39] , who reported higher forces on the shoulders of children while carrying backpacks with high load placement. Previous research has reported RPE incorporates sensations of exertion originating from two sources, the active muscles and the cardiopulmonary system [40] . RPE values of the shoulder area were higher during high load placement; we observed no corresponding increase in VO 2 , heart rate and overall RPE. One explanation for this could be higher levels of activity of the shoulder girdle muscular system. While we measured physiological variables, we did not investigate muscular activity in this study. However, Bobet and Norman [41] reported higher activity in the upper trapezius muscle during high load placement (the load's centre of mass was located at the level of the ear lobe) compared to low load placement (the load's centre of mass was located at the level of the xiphoid process). They suggested this difference may arise from the angular and linear accelerations of the load and trunk [41] ; however, their definitions of high and low load placement differed from those of the current study. The second explanation could be localized muscular fatigue due to strap pressure during high load placement. Fatigue of local muscles has been reported as a limiting factor in load carriage [42] . Local muscular fatigue is more likely due to local ischemia and not limitations in aerobic muscular processes [2] . Third, load carriage leads to mental detection of fatigue even when physiological variables are not influenced. Higher perception of effort in the shoulder area during high load placement may override constant physiological variables and overall RPE values [43] .
This study had several strengths and weaknesses. We obtained both objective physiological measures and self-reported measures which may measure different aspects of exertion. We used a standardized method; participants walked at a constant forced pace and were therefore unable to modify their walking velocity. They might have adapted differently to load and load placement if they had been able to walk at a self-selected pace. Moreover, walking on a treadmill may not replicate a real-world scenario (speed, gradient, duration). Therefore, while this approach supports the internal validity of our study, the generalisability of our results is limited in this sense.
This study revealed that during carrying a 20% body weight loaded backpack physiological and perceptual variables of exertion are more vulnerable to backpack load than load placement. Although it has previously been recommended to pack heavier items at the top and lighter items at the bottom of the backpack [7] , this study showed no difference between the high and low load placements in most of the variables studied. While altering the load placement may not change physiological variables or overall RPE, participants reported lower perceived exertion on the shoulders in low load placement, thus low load placement might be preferable in this respect.
Future research might examine heavier weight as 20% of body weight might not have been heavy enough to present a difference between a high and low load placement. Moreover, future research should seek to replicate our study on children.
